The assay is very sensitive, specific, and easily reproducible (less than 2% variability) and can be used for different clinical samples, such as serum, plasma, and PBMCs. The question of which clinical sample, serum or plasma, is preferable for HHV8 DNA testing was addressed, using this newly developed real-time PCR assay. From 85 patients with diagnosed AIDS-KS, matched plasma and serum samples were collected. Of the 85 patients tested, 35 were positive for HHV-8 DNA in both plasma and serum (41%), 8 were positive in serum but not plasma, and 7 had detectable HHV-8 DNA only in plasma. The HHV-8 load was similar in both plasma and serum, and no significant difference was found. However, more inhibition was seen in the plasma samples with the use of a system quality control, seal herpesvirus type 1. Therefore, our results suggest that serum is the preferred material for HHV-8 load testing, since there is less possible hindrance in the amplification than with plasma.
Human herpesvirus 8 (HHV-8) (or Kaposi's sarcoma [KS]-associated herpesvirus) is associated with all forms of KS (24).
Detection of herpesvirus DNA in leukocytes could possibly represent latent infection, while detectable DNA in serum or plasma is usually associated with disease. This is seen for the herpesviruses Epstein-Barr virus (EBV), cytomegalovirus (CMV), and HHV-8 (1, 7, 25) . Accordingly, detection of HHV-8 in peripheral blood mononuclear cells (PBMCs) may reflect latent infection, while detection of HHV-8 in serum or plasma, non-cell-associated HHV-8, reflects active lytic replication. The finding that some PBMC samples of KS patients also contain HHV-8 RNAs that encode viral structural proteins provides evidence that viral gene expression and replication can occur in KS leukocytes (22, 23) . The finding that plasma viremia (HHV-8) is an important event in KS pathogenesis (5) concurs with that. As a result, HHV-8 DNA load in plasma or serum may have predictive value for disease development and progression. However, the DNA load measured is not necessarily the same in the two types of sample. Boom et al. found that the CMV load in serum was often significantly lower (10-fold or more) than those observed in the corresponding plasma samples (3); however, others found similar loads in serum and plasma for CMV (21) . Similar varicellazoster virus DNA loads were found in serum and plasma samples of six patients by de Jong et al. (8) . For EBV, a member of the gamma herpesviruses like HHV-8, similar loads were found in matched plasma and serum samples by Fan et al. (9) .
The aim of this study was to design and establish a quantitative real-time (TaqMan) PCR assay for routine diagnosis of HHV-8 infection and to establish which clinical sample, serum or plasma, is preferable for HHV-8 DNA testing. From 85 patients with diagnosed AIDS-KS, plasma and serum samples were collected at the same visit and subsequently tested.
MATERIALS AND METHODS
Patients. Specimens were collected from human immunodeficiency virus type 1-infected homosexual men with histologically confirmed KS when serum and plasma were available from the same date. In total, 170 matched samples were selected from 85 patients. All the samples were taken after diagnosis of KS. Aliquots (150 l) of plasma or serum were isolated by guanidinium thiocyanate lysis, binding to silica particles, and washing and elution, with a final elution volume of 50 l. Nucleic acids present in plasma and sera are equally isolated with this method (4) .
TaqMan. The amount of HHV-8 DNA present in the matched plasma and serum samples was determined by real-time quantitative PCR of open reading frame 65 (ORF 65). The primers were designed upstream from a known singlebase-pair deletion or substitution site in ORF 65 that is found in multiplemyeloma patients but not in KS patients (17) . Apart from this site, the region is well conserved in all sequenced HHV-8 subtypes circulating in different parts of the world. The principle of real-time PCR has been described elsewhere (12) . In short, during each PCR cycle, a fluorogenic oligonucleotide probe is activated by 5Ј-to-3Ј exonuclease activity of Taq polymerase after binding to a specific PCR product. The amount of fluorescence that occurs as a result is monitored (TaqMan PCR). The number of PCR cycles required to reach the threshold fluorescence (C t ) is determined for each sample, and the measured C t value is compared to the values of standards with known DNA template concentrations to determine the starting template concentration in the sample. Because the C t is determined during the exponential phase of PCR, the value of C t has a linear relationship to the logarithm of the template DNA concentration.
The primers were designed with Primer Express software (PE Biosystems) and amplify a 68-bp region of the ORF 65 gene of HHV-8. The primer sequences were 5Ј-CCTCTGGTCCCCATTCATTG-3Ј and 5Ј-CGTTTCCGTCGTGGAT GAG-3Ј. The sequence of the fluorogenic probe was 5Ј-(6-carboxyfluorescein) CCGGCGTCAGACATTCTCACAACC (6-carboxytetramethylrhodamine)-3Ј. A BLAST search indicated that neither the primers nor the probe shares significant homology with other nucleotide sequences. PCR was done using Platinum Quantitative PCR Supermix UDG (Invitrogen/Life Technologies, Carlsbad, Calif.). Each PCR contained 10 l of sample and 40 l of PCR mixture consisting of Platinum Quantitative PCR Supermix UDG, 3.6 mM MgCl 2, 0.9 M forward and reverse primer, 0.2 M TaqMan probe, and 1 l of ROX reference dye (50ϫ concentrated) (Invitrogen/Life Technologies). Following the activation of UDG (2 min, 50°C) and activation of Platinum Taq DNA polymerase (10 min, 95°C), 45 cycles (15 s, 95°C and 1 min, 60°C) were performed on an ABI 7700 sequence detection system (Perkin-Elmer Applied Biosystems). As a control for cross-contamination, samples consisting of distilled water were also subjected to the isolation method, and the extracts were tested for both ORF 65 and the quality control. The threshold cycle (C t ) for all these "no-template" samples was Ͼ45 cycles. The C t for each sample of the standard curve was plotted against the input copy number. The value of C t was determined by the first cycle number at which fluorescence was greater than the set threshold value. For accurate comparison of the samples, the threshold was the same for all the experiments. Linear regression was used to determine the copy number of the experimental samples. The HHV-8 copy number measured was converted to copies per milliliter of sample. The cutoff C t value of Ͻ40 cycles was used to define a sample as positive.
Standardization. An electron microscopy counted standard is not available for HHV-8, and therefore, a plasmid was used for standardization of the assay. A plasmid containing part of ORF 65 of HHV-8 (11) was used, and the concentration was determined by UV spectroscopy. Serial dilutions of this plasmid ranging from 5 to 5 ϫ 10 6 copies were used to characterize the linearity, precision, specificity, and sensitivity of the TaqMan assay. Besides, serial dilution series with two primary effusion lymphoma cell lines, BCBL-1 and BCP-1, were included in order to study the linear relationship between the value of the threshold cycle (C t ) for the standards and the HHV-8 DNA copy number.
Quality control. PhHV, a type 1 seal herpesvirus, was added to the clinical samples both as a control for the isolation method and as a control for the presence of PCR inhibitors (26) . PhHV was chosen as a universal and nonhuman viral control because, like HHV-8, it is a member of the herpesvirus family, but it is highly unlikely that patients will be infected with PhHV, making it suitable as a quality control for the isolation and amplification. PhHV was added to the clinical sample before the isolation to the equivalent of a C t value of approximately 25 in the real-time detection system used. The samples were subsequently tested for both HHV-8 and PhHV. All the samples were tested in duplicate.
RESULTS
Real-time assay. The C t , the amplification cycle at which the fluorescence signal became detectable over the background, was linear over a range of at least 6 orders of magnitude of input DNA molecules, as shown by the dilution series of plasmid DNA in Fig. 1 . Statistical analysis of 20 standard curves showed that the amplification is linear over a range of 5 to 5 ϫ 10 6 molecules input with a detection limit of five molecules input (r 2 Ͼ 0.99; P Ͻ 0.001). The detection rate was 100% when the copy number was Ն50 copies per well and 66% for 5 copies per well. The 95% confidence interval is very small, showing the robustness and precision of the assay. The ability of the assay to detect and quantify HHV-8 DNA in human cells, e.g., PBMCs, was first assessed with a dilution series of the cell lines BCBL-1 and BCP-1 (range, 1 to 1 ϫ 10 4 cells). In the background of human DNA, a linear amplification of the integrated HHV-8 was seen (data not shown). The estimated HHV-8 copy number per cell was 36 for BCBL-1 and 39 for BCP-1, which is in agreement with the literature (20, 28) . Dilution series of PBMCs infected with HHV-8 did not show any inhibition in the amplification when using up to 1.5 ϫ 10 5 PBMCs (ϳ1 g of DNA) as the maximum input (data not shown).
A quantification method based on serial dilutions of a standard plasmid in water may not represent the DNA extracted from clinical samples and can lead to an overestimation of the sensitivity of the assay. To address this question, the plasmid was diluted in human DNA. The C t values were not altered, and they fall within the standard deviation of the assay (data not shown).
Quality control. A universal control was added to each clinical sample before the isolation step. This consisted of a seal herpesvirus (PhHV-1) that was added at a low concentration to each sample. This quality control was isolated and amplified in each sample, and this provided a measurement for the precision and reproducibility of the assay (mean C t value, 25; coefficient of variation, 2.2% [data not shown]). If the C t value for PhHV exceeded 26.5 (mean ϩ 1.5 standard deviation), it was assumed that there was inhibition or that loss of sample had occurred. The results were considered invalid, and the sample was tested again. Of the 170 samples, 4 serum samples and 12 plasma samples had to be retested.
Patient samples. Of the 85 patients tested, 35 (41%) were positive for HHV-8 DNA both in serum and in plasma. In 7 (8%) patients, HHV-8 DNA was found in plasma but not in serum, and 8 (9%) patients were positive for HHV-8 DNA in serum but not in plasma. Thirty-five patients had no detectable HHV-8 DNA in either plasma or serum. The results are shown in Table 1 .
Quantitation of HHV-8 DNA in the clinical samples showed highly similar viral DNA loads. There was no significant difference in HHV-8 DNA load measured in the matched plasma and serum samples (Fig. 2) . The difference in clinical sample was noticeable, however, when looking at the PhHV assay.
There was more interference in the plasma samples than in the serum samples. Twelve plasma samples (14%) had to be repeated because of the high C t value of the control, compared to four serum samples (5%). Inhibiting elements are more often coisolated with the plasma samples than with serum. The mean C t values for the PhHV assay for the serum and plasma samples were 24.97 and 25.13, respectively. The difference was not significant (P ϭ 0.618). The quality control also provided evidence that negative results were real negatives and not caused by inhibition.
DISCUSSION
The TaqMan assay developed for the quantification of HHV-8 DNA is sensitive, accurate, and robust, and it can be used with serum, plasma, and PBMCs. The prevalence of HHV-8 DNA in plasma or serum of persons with AIDS-KS in Europe or the United States ranges from 7 to 46% (2, 13, 18, 27) . In our study, of the 85 patients tested, 35 were positive for HHV-8 DNA in both plasma and serum (41%). Looking at only plasma or serum, the number of positive patients rises to 43 (51%) for serum samples and 42 (49%) for the plasma samples. The HHV-8 load was similar in both plasma and serum, and no significant difference was found. However, there was more inhibition in the plasma samples. Plasma contains more PCR-inhibiting factors that are not always completely removed during isolation. Inhibition is detected by the addition of a quality control (PhHV). Although the isolation method used in this study is shown to remove inhibitory factors efficiently (19) , our results show that there is still inhibition in some of the samples.
The fact that there is no difference found between the different clinical sample types is in agreement with the studies done on other herpesviruses (8, 9, 21) . It is important to take into account that the amplicon measured with the assay is small; this is inherent in the design of the TaqMan system. As is stated by Boom et al. (3) , there is a difference in the load in serum and in plasma if the amplicon used is large, probably due to fragmentation of the viral DNA. It can be hypothesized that the HHV-8 DNA load does not necessarily represent complete viral genomes but rather represents HHV-8 DNA fragments due to cell lysis or incomplete viral production. In summary, this paper describes the development and validation of a real-time PCR assay for the quantification of cell-free and cell-associated HHV-8 DNA in laboratory and clinical samples. The sensitivity and linear range are similar to those of other real-time PCR assays described previously (6, 14, 28) . With this assay, paired serum and plasma samples were tested to examine a possible variation in HHV-8 DNA load in the different clinical sample types, but none was found. However, as shown by the use of a quality control, there is more often inhibition in the plasma samples. It was speculated by Lo et al. (15, 16 ) that because clotting liberates nonspecific cellular DNA, plasma is the preferred sample compared to serum. However, Gallagher et al. (10) reported that serum was better as a source for EBV than plasma in a small Hodgkin's disease cohort. Our results also suggest that serum is the preferred clinical sample for HHV-8 DNA load measurements.
